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Title: Initiation of Breast Cancer by Endogenous Estrogens: Mechanism and Prevention

P.l.: Jack Fishman, Ph.D.

L Introduction

A. Nature of the Problem

While there is general consensus for a role for estrogens in breast cancer, the
biological mechanism for it is unknown. This proposal presents a novel biological rationale
for the estrogen breast cancer link. We have obtained considerable evidence derived from

in vivo and in vitro studies that 16a-hydroxyestrone (16a-OHE1), a metabolite of estradiol,

which uniquely among all endogenous estrogens can participate in a specific covalent
interaction with the estrogen receptor (1) and is involved in estrogen target cell
transformation (2). Based on this concept a strategy which diminishes the formation of this
metabolite relative to other endogenous estradiol metabolites has been devised and has
been shown to be effective in sharply diminishing the incidence of spontaneous mammary
tumors in the mouse model (3). Despite the large amount of circumstantial evidence,
supporting a role for 16a-OHE1 in breast cancer initiation, the concept remains hypothetical
and it is the purpose of the studies described here to obtain definitive evidence for or

against the postulated scheme.

B. Background
The role of endogenous estrogens as a predisposing factor for breast cancer has been
one of the central themes in the studies devoted to the biology and epidemiology of this

prevalent disease. Numerous studies have been devoted to the measurement of endogenous
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estrogens in the urine and plasma of breast cancer patients and normal controls in an
attempt to detect differences between the two populations but no consistent and
reproducible distinctions have been generally recognized (4-6). This could be due to the fact
that differences in hormonal levels present at the time of the initiation of the disease would
most likely be extinguished at the time of the clinical diagnosis which often occurs at a
different reproductive stage and hormonal milieu of the woman.

We, therefore, pursued another strategy in which we sought to identify hormonal
parameters which did not change with age or reproductive status, and which could be
examined in a population of post and perimenopausal women with and without breast
cancer with some assurance that any differences found would have been present at the time
of disease initiation, when the women were younger and premenopausal. Specifically we
established that the three main components of the oxidative metabolism of estradiol (E,),

as measured in vivo by a radiometric technique, were invariant with age (7). When

measured in postmenopausal women with breast cancer, a significant increase in 16a-
hydroxylation relative to a control group was found, without any differences being observed
in the other two main oxidative pathways, 2-hydroxylation and 17-ol oxidation (8).
Subsequent studies carried out by us and by other groups, both in humans and in animals,
established a consistent pattern of increased 16a-hydroxylation of estrogens being associated
with an increased risk of mammary tumor formation (9). Furthermore, studies on enzymatic
activity in specific tissues indicated that in the mouse and in the human, the increased 16c-
hydroxylase activity was detectable in breast tissue and more specifically in the terminal duct
lobular units, the site of ductal carcinoma which represents about 80% of all human breast
cancer. Estrone (E,) functions as a common precursor that, via a competing but mutually
exclusive metabolic pathway, is converted to 2-hydroxyestrone (2-OHE;) or to 16c-
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hydroxyestrone (16a-OHE,). It is therefore important to note that because of the competing

nature of 2- and 16a-hydroxylations, a decrease in the former is tantamount to an increase
in the formation of the products of the latter, while conversely an increase in 2-hydroxylation
results in a decrease of 16a-hydroxylated estrogens. Among a number of mammalian species
studied, only the human and the mouse exhibited high 16a-hydroxylase activity consistent
with their high rate of spontaneous mammary tumor formation (2, 4, 9). The activity of the
16a-hydroxylation was also examined in a series of mouse strains with differing rates of
mammary tumor formation. An excellent direct correlation between 16a-hydroxylation and

tumor incidence was observed (10).

C. Purpose of the Present Work
The purpose of this proposed work is to obtain direct evidence of the impact of 16a-
hydroxylation in the initiation of breast cancer at the molecular and physiological level, and

to identify methods for the prevention of this disease.

D. Methods of Approach

The overall approach for the experiments conducted on the cell culture and explant
culture models involves i) detection of the extent of E, metabolism using radiometric, gas
chromatographic-mass spectrometric (GC-MS) and immunoenzymatic assays (7, 8, 26), ii)
evaluation of E, responsiveness by assays for growth regulation and for hormone receptor
content, and iii) assessment of genotoxicity by unscheduled DNA synthesis assay. All of

these assays have been optimized for the in vitro models (11, 12, 14) and are routinely being

used in our laboratory.




IL Progress Report (September 1994 - August 1995)

A. Experiments Using Mouse and Human Mammary Cell Culture Systems

The primary focus of the experiments utilizing the in vitro models was to examine
the role of estrogens in mammary tumorigenesis in an effort to identify mechanisms for
efficacious prevention. The research during the first year'funding utilized the developed
murine and human mammary epithelial cell culture system as a model to examine i.) the
relationship between oncogene-mediated upregulation of growth and cellular metabolism
of 178-estradiol (E,) and ii.) the relationship between elevated C2-hydroxylation of E, and
inhibition of aberrant hyperproliferation. In addition, studies utilizing the mammary explant
culture system have been systematically analyzed to examine whether this system represents

a valid in vitro model for identifying a role for estrogens in human mammary carcinogenesis

and in chemoprevention.
The following is a brief summary of experiments completed and results obtained

during the first year funding of the grant #DAMD 17-94-J-4441.

1. Alteration in E, metabolism in mouse mammary epithelial cells expressing c-
myc oncogene [collaborating investigators: Inoue, Bradlow, Telang]:

Our previous studies on immortalized, non tumorigenic murine
mammary epithelial cell lines have demonstrated that exposure to chemical
carcinogens or transfection with oncogenes results in induction of aberrant
hyperproliferation as evidenced by anchorage-independent growth (AIG) in
vitro prior to tumorigenesis in vivo as evidenced by mammary fat pad or sub-
cutaneous transplantation (11-15). The experiment presented in AT-1 was
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performed to examine whether relative extent of AIG corresponds with the

degree of transformation in the parental MMEC, oncogene-initiated
MMEC/myc, and oncogene-transformed MMEC/myc;-Pr; cells. The AIG
assay revealed a progressive increase in anchorage-independent colonies
formed by MMEC/myc, and MMEC/myc,-Pr; cells and a positive correlation
with tumorigenicity in vivo. The parental MMEC cells, however, were negative
in the AIG assay as well as in the tumorigenicity assay. These results suggest
that AIG may represent a valid cellular marker for preneoplastic and
neoplastic transformation of mammary epithelial cells.

The experiment presented in AT-2 was conducted to examine whether
c-myc oncogene-induced tumorigenic transformation influences the cellular
metabolism of E, and steroid receptor status. The relative extent of E,
metabolism was determined by the radiometric assay measuring C2- and
C16a-hydroxylation of E,. The data is expressed as the ratio of C2/Cl6a-
hydroxylation. The relative extent of estrogen receptor protein (ERP) and
progesterone receptor protein (PRP) was determined using a commercially
available immuno-assay. The C2/C16e ratio exhibited a progressive decrease
in MMEC/myc, and MMEC/myc,-Pr; cells relative to that observed in
MMEC cells. The observed decrease in the ratio was due to an increase in
the C16a-hydroxylation and a concomitant decrease in the C2-hydroxylation
pathway of E, metabolism (data not shown). Consistent with the alteration in
cellular metabolism of E,, the ERP levels also decreased in MMEC/myc, and
MMEC/myc,-Pr, cells relative to those in MMEC cells. In contrast, PRP
levels were found to increase in MMEC/myc, cells but not in MMEC/myc;-
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Pr, cells. These results suggest that overexpression of c-myc may induce
aberrant hyperproliferation in part by influencing E, metabolism to increase

16a- hydroxylation and by downregulating hormone responsiveness

in mammary epithelial cells.

Estrogen responsiveness of myc-oncogehe-transformed mammary epithelial
cells [collaborating investigators: Katdare, Sepkovic, Bradlow, Telang]:

The conventional determinants for estrogen response include: E,-
mediated initiation of replicative DNA synthesis, expression of early response
genes, estrogen and progesterone receptor upregulation, polypeptide growth
factor expression and reversible growth inhibition by antiestrogens (16, 17).
In addition, oxygenated metabolites of E, generated via oxido-reductases or
P450-dependent hydroxylases are noted to exert direct effects on hormone-
responsive target tissue (18, 19). Our earlier observation that constitutive
overexpression of c-myc confers aberrant hyperproliferation and partial
abrogation of serum-derived growth factor requirement (15) prompted us to
examine the extent of E, metabolism and degree of E, responsiveness in myc
oncogene-transformed MMEC/myc,-Pr; cells.

In the experiment presented in AT-3 MMEC/myc,-Pr; were incubated
with 10nM E, for 96 hours and the culture medium was used for product
isolation and identification by GC/MS. The results of this experiment clearly
demonstrate that the cells were capable of converting E, into such oxygenated
metabolites as E,, 16a-OHE,, 2-OHE, and E,. These results, together with
those obtained using the radiometric assay provide a strong support to the
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concept that mammary epithelial cells in culture retain the ability to
metabolize E,.

The persistence of E, responsiveness in MMEC/myc;-Pr, cells was
examined by determining whether E, can upregulate growth and increase ERP
content in MMEC/myc,-Pr, cells. The data presented in AT-4 demonstrates
that a continuous 5 day exposure to E, resulted in a dose-dependent increase
in cell number as well as in ERP levels and that at physiological levels (1-
10nM), E, induced a substantial increase in growth and in ER and PR

positivity.

Modulation of E, metabolism and aberrant hyperproliferation in human
mammary carcinoma MCF-7 cells [collaborating investigators: Suto,
Zvanovec, Telang]:

Our earlier studies on the murine mammary epithelial cell culture
systems have shown that exposure to prototypic initiators of tumorigenesis
(chemical carcinogens and oncogenes) results in decreased ratio of C2/C16a-
hydroxylation of E, and increased aberrant hyperproliferation (11-14). These
biochemical and cellular perturbations are reversed by the presence of known
inhibitors of mammary carcinogenesis (12, 20). The experiment presented in
AT-5 was designed to validate E, metabolism and aberrant hyperproliferation
as markers for human mammary carcinogenesis. The extent of alteration in
2-OHE, formation as an endpoint for E, metabolism, and in AIG as an
endpoint for aberrant hyperproliferation was measured in MCF-7 cells treated

with the tumor inhibitors indole-3-carbinol (I3C), tamoxifen (TAM) and its
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metabolite 4-hydroxy tamoxifen (4-OHTAM). The results presented in AT-5
demonstrate that treatment with I3C and 4-OHTAM resulted in increased 2-
OHE, formation and decreased AIG. The inhibitory effect of TAM on AIG,
however, was not accompanied by enhanced 2-OHE, formation, suggesting a
distinct mechanism for antiproliferative effect of TAM. Treatment of MCF-7
cells with the E, metabolites revealed enhancement of AIG with 16a-OHE,
but not with 2-OHE, treatment. Taken together, the experiment on MCF-7
cell culture system indicates that E, metabolism and AIG provide useful in
vitro markers for inhibitors of human mammary carcinogenesis and that
specific metabolites of E, exert distinct modulatory influence on the growth

of MCF-7 cells in culture.

Application of mammary explant culture system and mammary epithelial cell
culture system as models for identifying the role of estrogens in mammary
carcinogenesis [collaborating investigators: Telang, Fishman, Osborne]:

In vitro models derived from mammary explant and cell culture systems
provide an innovative approach to examine the effects of exogenous agents on
the process of mammary carcinogenesis and its modulation directly at the
level of target tissue (11, 13, 20-24). Earlier experiments conducted on murine
mammary explant culture system have shown that treatment of the non-
involved mammary tissue to chemical carcinogens results in increased
carcinogen-DNA binding, enhanced Cl6a-hydroxylation of E, and high

incidence of aberrant hyperplasia in vitro, prior to tumorigenicity in vivo (21-

25). Independent studies utilizing the epithelial cell culture model have also
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shown that treatment with carcinogens or transfection with oncogenes results
in upregulation of same biochemical and cellular endpoints (11, 13-25). The

results obtained from the two in vitro models therefore provide strong

evidence that perturbed biochemical and cellular events detectable prior to
the appearance of cancer represent markers for preneoplastic transformation.

The experiment presented in AT-6 was designed to examine the
relationship between the extent of E, metabolism via C16a-hydroxylation and
breast cancer risk in murine and human mammary explant cultures. The
relative extent of E, C16a-hydroxylation was found to increase about 3-5 fold
in the explants from the high risk groups relative to the respective low risk
groups. In addition, explants from the high risk groups exhibited a greater
response to carcinogen-induced perturbation of E, C16a-hydroxylation (data
not shown). The data generated with the experiments on the mammary
explant culture model indicates that E, Cl6éa-hydroxylation represents a
biochemical marker whose alteration may predict the susceptibility of the
target tissue to carcinogenesis.

The experiment to examine whether E, metabolites generated via the
Cl6a-hydroxylation pathway may function as initiators of mammary
carcinogenesis utilized the mouse mammary epithelial cells as the model
(AT-7). Unscheduled DNA synthesis (UDS) and anchorage-independent
growth (AIG) represented the biomarkers for genotoxicity and aberrant
hyperproliferation respectively. From amongst the metabolites tested, only
16a-hydroxyestrone (16a-OHE,) exhibited maximal induction in UDS and
AIG. The upregulation of the two endpoints was qualitatively similar to that
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observed in cells treated with genotoxic chemical carcinogen (positive

control).

B. Molecular Aspects of 16a-hydroxy1ase

To examine the molecular aspects of 16a-hydroxylase, two experimental approaches
have been utilized during the first year of funding. First, we have initiated studies to test
the hypothesis that 16a-hydroxyestrone has unique effects on estrogen receptor function.
Second, we have made substantial progress in isolating cDNA clones which encode estrogen
16a-hydroxylase activity. Conclusive identification of the gene(s) encoding this activity will
allow us to define the mechanisms by which 16a-hydroxylated estrogens are overproduced
and open new avenues for diagnosis and prevention of breast cancer. The data obtained

in the initial year of funding are briefly summarized below.

1. Effects of 16a-hydroxyestrone on estrogen receptor function

In order to perform informative studies relating to this issue, we first
needed to establish two important criteria in our experimental system. First,
we wished to establish that the MCF-7 cells were inducing gene expression in
an estrogen-dependent manner. This is especially important because of the
reported heterogeneity of MCF-7 cells in different laboratories. Second, we
wanted to obtained evidence that estrogen receptor-dependent gene
expression could be selectively altered by 16a-hydroxyestrone in these cells.
We used pS2 expression as our marker for these studies, because it is
transcriptionally regulated by estrogens in MCF-7 cells. pS2 mRNA is
virtually undetectable in MCF-7 cells incubated in media without estrogens,
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but is induced 20- to 40-fold after exposure to estradiol (27). We found that
most of the lots of MCF-7 cells made available to us were suboptimal because
they contained significant basal levels of pS2 mRNA which were poorly
induced by estrogens. However, one lot (a gift from Ann Bowcock, University
of Texas Southwestern Medical Center, Dallas, TX) exhibited barely
detectable levels of pS2 mRNA which was strongly induced by estradiol.
These cells have been chosen for use in our subsequent studies.

To obtain functional evidence that ER function might be selectively
altered by exposure to 16a-hydroxyestrone, we stimulated MCF-7 cells with
estradiol, 16a-hydroxyestrone, or estriol for 1 or 14 days. We then removed
the hormone for 5 days and measured pS2 promoter function by transfection
with a pS2-CAT reporter plasmid (AT-8). Cells pretreated with estradiol or
estriol for either length of time displayed virtually no CAT activity, except
when re-exposed to estradiol post-transfection, where a marked induction was
observed. On the other hand, cells pretreated with 16a-hydroxyestrone for 14
days had substantial CAT activity which was only marginally induced by re-
exposure to estradiol. Indeed, the reporter activity in the 16a-hydroxyestrone-
pretreated cells was about 20% of the levels observed in "virgin" cells treated
with estradiol for 48 hr post-transfection. None of these effects were observed
in cells which had been pretreated with 16a-hydroxyestrone for 1 day. These
data support the concept that an "irreversible" interaction between ER and
16a-hydroxyestrone can cause a sustained response in estrogen-responsive
genes. We have isolated nuclear extracts from MCF-7 cells stimulated by the

above paradigm, which we are using to evaluate directly the effect of these
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estrogens on ER binding to its cognate element.

Isolation of ¢cDNA clones with estrogen 16a-hydroxylase activity

In order to clone the estrogen 16-hydroxylase, we have taken advantage
of murine T,Pr, and human MCF-10 cell lines, which contain exceptionally
high levels of this activity (28, 29). Inhibition studies strongly suggest that the
16a-hydroxylase is a member of the cytochrome P450 superfamily of mono-
oxygenases. Hence, our strategy has relied on PCR amplification with
degenerate primers that correspond to conserved regions in certain P450
families. We have previously used a similar PCR-based approach to clone
rare homeodomain-containing proteins (30). Additionally, others have
recently used this strategy to identify a novel DMBA-inducible P450 species
in fibroblasts (31). We have designed three sets of degenerate primers, which
should amplify P450 sequences from families 1, 2, or 3. We suspect that the
unidentified estrogen 16a-hydroxylase may fall within these classes for the
following reasons. First, CYP1A1 is the best candidate for the breast-specific
estrogen 2-hydroxylase (32) and CYP1B1 may be responsible for the estrogen
4-hydroxylase activity observed in MCF-7 cells. Hence, it is reasonable to
postulate that the CYP gene encoding estrogen 16a-hydroxylase activity might
also reside within the CYP1 family. The rationale for considering the CYP2
family is based on the observation that the mouse male-specific
testosterone 16a-hydroxylase belongs to the Cyp2d subfamily and the rat
female-specific 158-hydroxylase lies within the CYP2C cluster (33). Hence,
CYP family 2 contains sexually dimorphic genes which encode activities
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closely related to estrogen 16a-hydroxylase. Finally, we have considered
family 3 because certain members, such as CYP3A4, exhibit a
remarkably diverse array of activities which includes the metabolism of

endogenous steroids.

Thus far, two sets of degenerate primers (specific for families 1 or 2)
have been used successfully to amplify fragments of the correct size, using
either T,Pr, or MCF-10 cDNA as template. Because these fragments may be
heterogeneous, we have subcloned them into the vector pPGEM-T (Promega)
and numerous clones have been analyzed by DNA sequencing. For family 1,
all clones analyzed thus far correspond to CYP1A2, which is a stronger
estrogen 2-hydroxylase than CYP1A1l. This is somewhat surprising, because
previous reports had indicated that CYP1A1 and CYP1B1, but not CYP1AZ2,
are present in human MCF-7 cells. Our primers amplify CYP1A1l, CYP1A2
and CYP1B1 with similar efficiency, so we entertained the hypothesis that
CYP1A2 may indeed be preferentially expressed in these cells. Indeed,
Northern analysis indicates that CYP1A2 levels are significantly higher than
CYP1ALl in T1Pr, cells. We do not know the basis for this heterogeneity of
expression for CYP1A members in mammary cell lines at present, but our
observations emphasize the need to evaluate CYP1A gene expression in vivo
very carefully. This has yet to be done in the breast. In any event, since
CYP1A2 does not 16-hydroxylate estrogens, and no other CYP1 PCR
fragments have been detected in our analysis to date, we have adopted the
working hypothesis that the 16-hydroxylase is not a CYP1 family member.
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Using the family 2 primers and T;Pr; ¢cDNA as template, we have amplified a
particularly strong DNA fragment of the correct size. We have sequenced 16 clones derived
from this fragment, all of which correspond to a novel mouse Cyp2-d family member. We
have yet to obtain a full-length clone corresponding to this PCR fragment (currently termed
Cyp2-dx), but several observations suggest that Cyp2-dx may correspond to a bona fide
estrogen 16a-hydroxylase. First, the clone is similar to a rat Cyp2-d member termed CMF-3
(34) (Fig. 1). CMF-3 was isolated by screening a rat liver cDNA library with a monclonal
antibody raised against a purified P450 with estrogen 16a-hydroxylase activity. Second,
Cyp2-dx RNA levels are very high in T,Pr, and RIII/Pr1 cells, but barely detectable in
MMEC and RIII/MG cells. This correlates with the observed 16a-hydroxylase activities for
these cells. Third, Cyp2-dx is also highly related to murine Cyp2d-9, which encodes
testosterone 16a-hydroxylase activity (Fig. 1).

Once a full-length clone has been obtained for Cyp2-dx, we will need to examine its
ability to 16a-hydroxylate estrogens. This is best accomplished by stable expression in a
mammalian cell line with low endogenous 16e-hydroxylase activity. MCF-7 cells are an
appropriate choice for our purposes; they 16-hydroxylate poorly, are easily transfectable and
we have found that they contain undetectable levels of Cyp2-d-related RNA species.
Moreover, it would be of additional benefit if the test gene were inducible, so that its
expression would be minimal during generation of the stable line. We have evaluated a
tetracycline-dependent expression system in MCF-7 cells, and found it to work extremely
well. This system requires two components; 1) a plasmid that encodes a tet repressor/ VP16
fusion protein, termed TTA, and 2) a fet operator-controlled expression plasmid that drives
the expression of the gene of interest (35). TTA is a potent repressor in the presence of
tetracycline, but permits potent activation of the tet-controlled gene in the absence of
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tetracycline. Using a firefly luciferase cDNA to test this system in MCF-7 cells, we have
observed that removal of tetracycline from the culture medium induces luciferase activity
by more than 200-fold. Tetracycline does not influence Cyp2-dx levels in T,Pr; cells; hence,
this should be an excellent system to evaluate the capacity of Cyp2-dx to 16a-hydroxylate

estrogens.
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111. General Conclusions

In the first year of the grant the foundation has been constructed from which a
clarification of the mechanism of 16a-OHE, action in breast cancer can be achieved. We
have carried out experiments in cell culture systems demonstrating the unique ability of 16a-
OHE, to bring about hyperproliferation with increased anchorage-independent growth. This,
as well as other studies has indicated the carcinogen like activity of 16a-OHE,. We have
also carried out studies with mouse and human explant cultures of two types (high and low
risk for breast cancer) and a marked increase in 16a-hydroxylation was observed with
cultures from the high risk mice or women. The differences demonstrated in these non-
cancerous tissues indicate the importance of a chronic increase in estrogen 16a-
hydroxylation prior to the development of breast tumors.

The experiments to identify the cytochrome P450 gene which catalyzes estrogen 16a-
hydroxylation have indicated that it is probably Cyp2-dx. Further studies should confirm
whether or not it is this gene which is responsible for the enzyme. Once identified it may
be possible to alter the expression of this gene in breast cells and therefore reduce the risk

of breast cancer.
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AT-1
Induction of Aberrant Hyperproliferation and Tumorigenic Transformation by C-myc

Oncogene in Mouse Mammary Epithelial Cells.

Status of Transformation

in vitro in vivo

Anchorage-independent

Cell Line growth (%CFE)? Tumorigenecityb
MMEC ND¢ ND¢
MMEC/myc, 12.8 + 3.8 7/10
MMEC/myc;-Pr; 26.8 = 3.8 10/10

Number of colonies
x 100

Initial seeding density

Number of tumors

Number of transplant sites

ND: not detected
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AT-2

C-myc Oncogene-Mediated Alteration in Estradiol Metabolism and in Hormone Receptor

Status
Cell Line E, Metabolism® Receptor Protein Content®
(C2/C16a-hydroxylation) (fmoles per 1.0 x 10° cells)
ERP PRP
MMEC 54 =04 11.9 = 0.5 0.8 £ 0.3
MMEC/myc, 27 04 88 = 1.5 24 + 04
MMEC/myc,-Pr,; 1.6 = 0.6 29 £ 05 1.6 £ 0.1

2 determined by *H,0 formation after incubation with [C2-*H]E, and [C16a-"H]E,

> determined by immunoassay
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AT-3

Metabolism of 178-Estradiol (E,) in MMEC/myc,-Pr; Cells

E, Metabolites Relative Abundance *°

(Normalized per 1.0 x 107 cells)

E, 1465 + 304
16a-OHE, 206 = 20
2-OHE, 799 + 178
E, 190 + 14

2 determined by the RP-HPLC and GC-MS analysis of the culture medium

® MMEC/myc,-Pr, cells incubated with 1.0 x 10®M E, for 96 hours
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AT-4

Ligand-mediated Upregulation of Proliferation and Hormone Receptor Status

MMEC/myc,-Pr, Cells

in

E2 Treatment (nM) [ Increase in cell

number® (x10°)

Receptor Protein Content®

(fmoles/1.0 x 10° cells)

ERP PRP
0.0 23 + 0.6 21 +04 1.3 £ 0.2
0.1 28 =+ 04 29 £ 05 1.6 + 0.2
1.0 42 =+ 05 8.0 = 1.0 29 £ 0.2
10.0 44 * 0.5 13.7 = 3.1 35+03

2 cells maintained in serum-free medium for 5 days

® determined by immunoassay
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AT-5
Modulation of Estradiol 2-Hydroxylation and Aberrant Hyperproliferation in Human

Mammary Carcinoma MCF-7 Cells

Agent 2-hydroxylation of E,* Anchorage-Independent Growth
(% per 1.0 x 10* cells) (% CFE)®

EtOH

(solvent control) 24 = 04 153 = 14

I3C 6.2 =03 50+ 1.1

TAM 1.6 = 0.1 3.7+ 0.7

4-OH TAM 3.6 =02 1.8 £ 02

2-OHE, ND* 49 + 29

16a-OHE, ND* 259 = 2.0

determined from *H,0 formation after a 48 hour

incubation with [C2-°H] E,

Number of colonies
x 100

Initial seeding density

ND: not done




AT-6
Breast Cancer Risk-Dependent Enhancement of Estradiol 16a-Hydroxylation in Murine and

Human Mammary Explant Cultures

Origin Cancer Risk | Tissue Type® | Estradiol C1l6a-hydroxylation

(% per mg tissue)"

Murine Low NFS-MDE 0.16 = 0.05
High C3H-MDE 0.59 + 0.13
Human Low TDLU-LR 0.05 = 0.02
High TDLU-HR 0.31 = 0.05

® Mammary ductal epithelium from low risk NFS strain, mammary ductal epithelium from
high risk C3H strain, terminal duct lobular units from reduction mammoplasty, terminal duct

lobular units from cancer mastectomy

® determined from *H,0 formation after a 48 hour incubation with [C16a->H] E,)




AT-7

Induction of Unscheduled DNA Synthesis and Aberrant Hyperproliferation by Estradiol

Metabolites in Mouse Mammary Epithelial C57/MG Cells

Agent Unscheduled DNA Synthesis | Anchorage-Independent Growth
(HU-insensitive *H-thymidine (% CFE)*
uptake, cpm x 10°/mg DNA)

DMSO 125 + 1.0 ND°

(solvent control)

DMBA 214 + 22 240 = 24

(positive control)

E, 125 = 1.0 1.0 = 0.5

16a-OHE, 22.0 £ 35 55 £ 03

2-OHE, 13.0 £ 0.9 03 £ 02

) Number of colonies
initial seeding density x 100

ND: not detected
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AT-8

pS2-CAT activity in MCF-7 cells pre-exposed to estrogens

Pretransfection Postransfection
Hormone Duration Treatment CAT Activity
Ethanol 1 Ethanol 0.5
1 E; 19.7
Ethanol 14 Ethanol 0.3
14 E; 17.4
16000OHE; 1 Ethanol 0.5
1 E, 20.2
1600OHE; 14 Ethanol 5.7
14 E» 18.9
Estradiol 1 FEthanol 0.6
1 Er 22.4
Estradiol 14 Ethanol 0.5
14 Es 16.9
Estriol 1 Ethanol 04
1 Ep 17.8
Estriol 14 Ethanol 04
14 Ep 20.0

MCEF-7 cells were treated for 1 or 14 days with the indicated hormone at a
concentration of 10-8M. Cells were then incubated in the absence of hormone
for 5 days. After transfection with a pS2-CAT reporter, cells were incubated in
the presence or absence of 108M estradiol for 48 hours and harvested for CAT
asssay. CAT activity indicates % conversion of chloramphenicol to
monoacetylated forms.
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Fig. 1

Alignment of Cyp2-dx with rat CYP2D4 (P450-CMF3)
and mouse Cyp2-d9 (testosterone 16c-hydroxylase)
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The Role of Estrogen in
Mammary Carcinogenesis

JACK FISHMAN AND NITIN T. TELANG

Strang-Cornell Cancer Research Laboratory
Cornell University Medical College
New York, New York 10021

INTRODUCTION

Human breast cancer is one of the most prevalent diseases in women. The American
Cancer Society estimates approximately 182,000 new cases of breast cancer and about
46,000 breast cancer-related deaths for 1994.! The epidemiological evidence provides
strong support for the concept that environmental, hormonal, and genetic factors affect
the risk and development of breast cancer.>8 From among the various recognized risk
factors, age at menarche, age at first pregnancy, and age at menopause suggest that
endogenous ovarian steroids may profoundly affect initiation, promotion, and progres-
sion of carcinogenesis.>7

Experimental studies on rodent mammary tissue have demonstrated that the ovarian
steroids, 17B-estradiol (E,) and progesterone (Prg), acting in concert, induce prolifera-
tion and positively regulate mammary epithelial morphogenesis, that is, formation of the
epithelial ductal system exhibiting proliferative terminal end-buds (TEB). In response to
such mammotropic/lactogenic horrmones as adrenal giucocorticoids and the pituitary
polypeptide prolactin, TEB are induced for functional cytedifferentiation as evidenced
by the presence of transformation to secretcry lobule alveoli. The selected steroid and
polypeptide hormones that are mammouopic in the rodent mammary system are also
reported to regulate epithelial cell prolifsration in human mammary terminal duct lobular
units (TDLU), the principal target site for carcinogenesis in humans.**3

From among the mammotropic hormores as endogencus factors that influence
mammary carcinogenesis, estrogens have arracted the most attention. The natural estro-
gen E, is a well-known promoter. of rodent mammary carcinogenesis. Carcinogen-
induced as well as spontaneous mammary tumors in rodent models are negatively
growth-regulated by surgical or chemical ablation of ovarian function.***7%10 E, in-
duces DNA synthesis in quiescent cells, increases the expression of oncogenes, and
functions as a potent mitogen in estrogen-responsive tissues.>*!! Taken together, these
observations provide evidence that estrogens, because of their mitogenic property, may
increase the susceptibility of the target tissue to initiation. Additionally, E,-mediated
mitogenicity on preinitiated target cells may predispose these cells to tumorigenic
transformation.

Microsomal hydroxysteroid dehydrogenases and P450-dependent steroid hydroxy-
lases are critical for the estrogen biotransformation that converts highly estrogenic E, to
progressively less estrogenic metabolites. 1

In vivo experiments utilizing strains of mice that differ in their relative risk of
developing the murine mammary tumor virus (MTV)~induced mammary adenocarci-

]
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Effects of Pesticides on the Ratio of
16c/2-Hydroxyestrone: A Biologic Marker of
Breast Cancer Risk
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Xenobiotic estragens are external compounas with estrogenic activity that may thereby affect the risk of breast cancer. This paper descnbes a
mechanism by wnich xenoestrogens may affect the deveﬁo@nent of breast cancer. Estradiol metabolism proceeds by hydroxviation at one of two
mutually exclusive sites at C-2 and C-16a. The catechol pathijvay yieids the weakly estrogenic 2-hydroxyestrone (2-OHE,), wiien innibits breast ceif
praliferation. In contrast, the aiternauve. pathway yields the genotoxic 16a-hydroxyestrone {16a-OHE,), which enhances oreast cell growth.
increases unscheduled DNA synmesn&"é?xcegens/and virus expression, and increases ancnorage-ndependent growtn. Using a radiometnc assay
__ thatmeasures e relative formation of 16a-OHE, versus 2-0HE, from spedifically tntiated estradiol in {ER+) MCF-7 cells, we comparea the ravo of
16a-OHE./2-OHE, observed after treatment with the known rodent carcinogen DMBA with the ratios after treatment with DOT, firazine. v
Benzene nexacnlonde, Kepone. cootanar PC3s. ﬁndosuifans i and I, linoleic and eicosapentenotc acids, and indole-3-carbinot (I3C). These pesucides
significanty increase the rato of 16a-OHE/2-OHE, metapolites 10 values comparable or greater than those observed after DMBA. In contrast. the
anutumor agent 13C increasea 2-OHE, formauon and vielded rauos that are 1/3 of those found in unexposed control cells anag 1/10th of those found
in OMBA-treated cells. Thus the rauo of 16a-OHE,/2-OHE, may provide a marker for the risk of breast cancer. Assays of tis rauo, which can be
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measured in oot urines, may prove useful for a vanety of in vitro ana in vivo studies bearng on breast cancer risk. — Environ Health Perspect

103(3u001§):00—00 (1995)

Key woras: ﬁstrcgens. P450-hydroxylation, pesticides. cancer risk. hydroxyestrogens

Introduction

Changes i scresning pracrices of in xnown
or suspeczed risk factors cannot compiegsiv
account for recentiy observed increases in
the incidence of breast, prostate. and tescic-
ular cancezf’or suspected increases in maie
and femaie reproductive disorders. sucn as
reducea sperm count. increased feproquc-
tive faiiures. endometriosis. and ovartan
Abroid tumors. With respect o oreast can-
cer, most of the known risk factors other
than genetic makeup for the disease can de

This paoer was oresentea at the Symgoosium on
Estrogens in the Environment. 111: Giobal Heaitn
Impticauons nesgd 9-11 January 1994 in Wasmington.
oC.

We are inaebted 10 the Noreen T. Hollana
Foundauon for generous suoport of this wor.

Address Zorrespongence to Or. H.L. Braalow.
Laboratory ot Biochemical Endocninoiogy, Strang-
Comeit Cancer Research Laboratory, 510 East 73rd
Street, New York, NY 10021. Teiephone (212)734-
0567, ext 11, Fax (210472-3471.

Abbreviauons used; 2-OHE,, 2-hycroxvestrone:
16a-OHE,, 16a-hvaroxyesuone: ER. estrogen receo-
tor, OMBA. 9.10-dimetnlybenz{alanthracens: E;,
asuadiol: ER+, estrogen recapror positive: MEM,
Eagle’'s minimum essenuat meaium: FBS, fetal
bovine serum: 3H,0, triated water; OOT,

enyincnioratyiens.

related to cumudative iifetime exposure to
estrogen ([,2}.

We have recenciv hvpothesized that for-
cignoc__cimpounds \M(n Fstrogcnic ac:iyi‘r\j/
can eIfect the risx of Dreast Cancer (o).
Estradiol metapoiism predominantiv pro-
ceeds via CAHO MUCUALY 2xciusive patnwavs:
one pathwav vieids (ne catecnol estrogen 2-
hyvdroxyestrone 12-OHE. ), which is weaxdv
antiestrogenic and nongenotoxic (4): che
aiternative pacnway vieids 16a-nydroxye-
strone (16a-OHE,), a fully potent estro-
gen. which is tumorigenic and genotoxic
and causes increased cell proliferation
(Figure 1) (5). The reasons for suspecting
that alterations in endocrine function
underlie estrogen-mediated cancers. such as
those of the breast/and endometrium, have
evolved from diverse observarions in
endocrinoiogy, biochemistry, and epidemi-
ology. Some 30 years ago, it was calculaced
that on a molar basis ¢has 2-OHE, pos-
sessed about 0.25% of the uterotrophic
activity of estradiol (6). Indeed some stud-
ies suggest that 2-OHE, is a weak antie-
strogen (7.8). Others have noced that
4-OHE, is carcinogenic in the Syrian ham-
ster kidney model where ic is 2 major
mesabolite (9), but it is 2 minor metabolite

in people. In contras:. 16a-OHE, cova-
leatly binds with estrogen receptors and
simino funcrions ¢ JNA (/0,1]) and
2XLTs persistant ciot
A qumoer of lines ¢

ai responses (12).
idence suggest that
i6a-hvdroxviation is 2 >:oiogicai marker of
cisk for breast cancer ana may directly con-
tribute 1o (he initiation and progression of
tne disease. 16a-OFEZ . the oroauct of the
16a-hvdroxyiation patnway of E, metabo-
lism, causes prolongea growth resonses by
virtue of its abilicy to bind covalently to the
estrogen receptor (/0). This paper presents
results of an established assay of estradiol
metabolism applied to 2 number of
organochlorine pesticides. Materiais that
increase the ratio of 16a-OHE/2-OHE,
should be regarded as potential breast car-
cinogens.

Methods

Estradiol metabolism via the C-2 and C-
16a hydroxylation pathways was assayed
radiomertrically (13). We measured the
amount of estradiol metabolized by these
two pathways in escrogen recepror pasitive
(ER+) human breast cell cuirures (MCF-7)
in the presence and absence of DMBA and

linoleic acid as positive tumorigenic con-
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